A new lanthanide pyridine-2,4,6-tricarboxylato coordination polymer, [Dy 2 (H 2 O) 5 (ptc) 2 ]·H 2 O (H 3 ptc = pyridine-2,4,6-tricarboxylic acid), was hydrothermally synthesized. The complex exhibits both mono-capped square antiprismatic DyNO 8 chromophores and 4,4 -bicapped trigonal prismatic DyNO 7 chromophores, which are interconnected through ptc 3− anions in µ 3 η 6 and µ 4 η 6 coordination modes to achieve a new 3D MOF of an unprecedented topology of (4 · 6 3 · 8 2 )(6 3 ) type. This Dy(III) complex exhibits a characteristic luminescence in the visible region upon excitation at 300 nm. The temperature-dependent magnetic properties of the Dy(III) complex were investigated in the temperature range of 2 -300 K.
Introduction
Owing to their unique spectroscopic and electronic characteristics associated with their 4 f n electronic configuration, lanthanide ions are widely employed for design and rational synthesis of lanthanide complexes with intriguing topological architectures and interesting properties which have promising applications in many fields such as optics, electronics, mechanics, membranes, protective coatings, catalysis, sensors, biology, etc. [1 -5] . For the self-assembly of lanthanide complexes, various carboxylic acids have been extensively utilized, and many lanthanide carboxylate complexes have been reported over the past 30 years, in which the lanthanide ions show regular coordination characteristics and the carboxylate ligands exhibit different coordination modes Lanthanide carboxylate complexes display various interesting structural topologies and luminescent properties [6 -9] . Studies have been focused in particular on the design and assembly of lanthanide complexes with aromatic carboxylic acids which have been found to be suitable ligands, for example, for terbium and dysprosium ions, because of the energy match between their triplet state levels and resonant energy levels of the central lanthanide ions [10 -13] . Lanthanide complexes with aromatic carboxylic acids show higher thermal or lumi-0932-0776 / 11 / 0600-0570 $ 06.00 c 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com nescence stabilities for practical application than other lanthanide complex systems.
Among the aromatic carboxylic acids, the pyridine-2,4,6-tricarboxylic acid (H 3 ptc) can form conjugated structures with both N and O donor atoms. It can act as a multidentate ligand as well as a bridging linker for the design of metal-organic molecular assemblies [14 -18] . As part of our ongoing research [19, 20] 
Results and Discussion

Syntheses
In the presence of malonic acid, DyCl 3 ·6H 2 O and H 3 ptc react hydrothermally in an aqueous KOH solution to give [Dy 2 (H 2 O) 5 (ptc) 2 ]·H 2 O. Repeated experiments indicated that malonic acid is essential for a successful synthesis of the title complex. The phase purity of the crystalline product was confirmed by comparing an experimental powder X-ray diffraction (PXRD) pattern with the corresponding one simulated on the basis of the single-crystal data (Fig. 1) as well as by an elemental analysis. The above synthetic reaction could be expressed by the following equation:
The title compound was found to be stable in air and insoluble in common solvents such as water, ethanol, and acetone.
Description of the crystal structure
In the asymmetric unit of the title complex there are two Dy 3+ ions (Dy1 and Dy2), two ptc 3− ions, five aqua ligands (O7, O8, O9, O16 and O17) and one additional water molecule (O10). As demonstrated in Fig. 2 , the N1-containing ptc 3− ion as a µ 4 η 6 bridging ligand is bonded to two Dy1 atoms through the pyridyl N atom and its two neighboring carboxylate O atoms in a chelating/bridging mode and to two Dy2 atoms through the 4-position carboxylate group in a µ 2 η 2 -syn-syn mode. The N2-containing ptc 3− ion acts as a µ 3 η 6 bridging ligand to chelate one Dy1 through the 4-position carboxylate group and coordinates two Dy2 atoms through the pyridyl N atom and its two neighboring carboxylate O atoms in a chelating/bridging mode. It should be pointed out that the present µ 3 η 6 and µ 4 η 6 bridging modes of the ptc 3− ligands, to the best of our knowledge, are unprecedented. The coordination effects destroy the coplanarity of the ptc 3− anions, and the distortion of the µ 4 η 6 ptc ligand is more significant than that of the µ 3 η 6 ptc ligand, the dihedral angles between the carboxyl group and the pyridine ring being 16 For convenience of understanding the crystal structure of the title compound, the O4-Dy2 #3 bonding in- teraction ( #3 −x + 1, −y + 1, −z + 1) and its symmetry equivalents are tentatively not taken into consideration. The lanthanide atoms are then interconnected by both µ 3 η 6 and µ 4 η 6 ptc ligands to afford 2D corrugated layers (Fig. 3a) . The layers extend in- 
finitely parallel to the (100) plane, and the adjacent layers are centrosymmetrically related to one another.
In an approximation, the 2D layer can be simplified to a (4,4) net. Through the O4-Dy2 #3 bonding interaction ( #3 −x + 1, −y + 1, −z + 1) and its symmetryequivalents, the 2D layers are interlinked to generate a 3D MOF (Fig. 3b) . The structure of the title compound is actually rather intricate. The two crystallographi- cally distinct ptc ligands bridge three and four metal atoms, and the Dy1 and Dy2 atoms are coordinated to three and four ptc ligands, respectively. Therefore, Dy1, Dy2 and the µ 3 η 6 ptc and µ 4 η 6 ptc ligands could be treated as three-, four-, four-and three-connected nodes, and the present 3D MOF can be simplified to a novel herringbone-like (4 · 6 3 · 8 2 )(6 3 ) topology (Fig. 3c) .
The aquo ligands donate hydrogen atoms to the carboxylate O atoms to form abundant hydrogen bonds (Table 1) , which make substantial contributions to the stability of the crystal structure. The solvate water molecules are located in cavities and are hydrogenbonded to the framework.
Infrared spectra
As illustrated in Fig. 1 , the infrared spectrum of the title complex shows characteristic broad bands centered at 3384 cm −1 , due to the absorption from OH stretching vibrations of the water molecules [21] . The sharp peaks at 1582, 1446 and 1395 cm −1 can be assigned to the asymmetric (ν as ) and symmetric (ν sy )-COO stretching vibrations, respectively, and the differences ∆ν as − ∆ν sy of 187 and 51, respectively, suggest that the -COO groups are coordinated to metal ions in mono-and bidentate modes. The absorptions in the range 740 -1026 cm −1 can be attributed to the skeleton vibrations of the organic ligand.
Thermal analysis
The DTA curve (Fig. 1 ) for the title compound shows three endothermic peaks at 157, 220 and 637
The TG curve indicates that the first weight loss of 13.0 % in the range 75 -170 • C corresponds well to the removal of one solvate water molecule and five aquo ligands (calcd. 12.7 %). The dehydrated intermediate may be "Dy 2 (ptc) 2 ", which experiences slight weight loss of 5.0 % over 170 -250 • C close to the value of 5.2 % for liberation of one carboxyl group (COO). The sample then undergoes rapid decomposition with an additional weight loss of 40.3 %. The weight of the residue at 710 • C remains at 41.7 %, which is slightly less than the value of 43.9 % for Dy 2 O 3 , indicating a substantial loss of the Dy element during the last almost explosive stage.
Fluorescent properties
The emission spectrum of the title compound in the solid state was determined upon excitation at 300 nm at ambient temperature (Fig. 4) . The complex is blue luminescent and displays the characteristic Dy 3+ emission. The two peaks at 482 and 573 nm are due to the magnetic dipole transition 4 F 9/2 → 6 H 15/2 (blue emission) and the electric dipole transition 4 F 9/2 → 6 H 13/2 (yellow emission) of the Dy 3+ ion. The emission intensity generally varies with the change of the coordination environment of the metal ions, and the ratio of yellow emission and blue emission (Y/B) is a measure of the site symmetry at which the Dy 3+ ion is situated [22] . For the title compound the Y/B value is 0.80, indicating a slight lowering of the local Dy 3+ site symmetry from an inversion center in good agreement with the result of X-ray single-crystal diffrac- tion. The strongest emission band is located at 482 nm ( 4 F 9/2 → 6 H 15/2 ), suggesting that the pyridine-2,4,6-tricarboxylato ligand is suitable for the sensitization of the blue luminescence of Dy 3+ ions. The broad emission band in the region of 340 -400 nm is due to weak π * -π or π-n transitions of the organic ligands.
Magnetic properties
The temperature-dependent magnetic susceptibility was measured for the title compound on the a polycrystalline sample in the temperature range of 2 -300 K in a fixed magnetic field of 5 Koe. It exhibits an interesting magnetic property as shown in Fig. 5 in the form of a χ m T versus T plot (χ m being the magnetic susceptibility per two metal ions). It is well known that, by interelectronic repulsion and spin-orbit coupling, the 4 f n configuration of a Ln 3+ ion is split into 2S+1 L J states, and the crystal-field perturbation further leads to the splitting into Stark components. The χ m T value at r. t. is ca. 28.16 cm 3 K mol −1 , close to the expected value of 28.34 cm 3 K mol −1 for two isolated Dy 3+ ions (S = 5/2, L = 5, 6 H 15/2 ) [23] . This value falls with decreasing temperature, reaching a minimum value of ca. 26.49 cm 3 K mol −1 at 280 K. A further decrease in temperature causes significant uprising of the χ m T value with a maximum of ca. 41.80 cm 3 K mol −1 at 20 K indicative of ferromagnetic coupling between the Dy 3+ ions, and subsequently falls sharply to a minimum of ca. 25.39 cm 3 K mol −1 at 2 K. This profile of the χ m T vs. Tcurve suggests the occurrence of two conflicting effects. On the one hand, the decrease in χ m T unambiguously originates from the thermal depopulation of the highest Stark levels resulting from the splitting of the 16-fold degenerate 6 H 15/2 ground states by the crystal field, and on the other hand, the antagonist process must be the ferromagnetic interaction between the Dy 3+ ions. Because of the presence of a large unquenched orbital angular momentum and spinorbit coupling, it is difficult to estimate the interactions between metal atoms quantitatively, and the origin of this potentially interesting magnetic behavior will be the topic of deeper investigations.
Conclusion
In summary, we have hydrothermally prepared the 3D lanthanide pyridine-2,4,6-tricarboxylato coordination polymer [Dy 2 (H 2 O) 5 (ptc) 2 ]·H 2 O. It is a new 3D MOF of an unprecedented topology of (4 · 6 3 · 8 2 )(6 3 ) type. To the best of our knowledge, this compound is the first example of a pyridine-2,4,6-tricarboxylato complex, where the ptc 3− anions display two unprecedented coordination modes (µ 3 η 6 and µ 4 η 6 ). The emission spectrum demonstrates the characteristic luminescence of the Dy 3+ ions upon excitation at 300 nm, suggesting the Dy(III) pyridine-2,4,6-tricarboxylato compound to be a potential candidate for an efficient luminescent material in the visible regions. Further investigations on the magnetic behavior of the title compound are in progress to clarify the roles of crystal field or intermolecular effects.
Experimental Section
Materials
Except pyridine-2,4,6-tricarboxylic acid, which was prepared in high yield by oxidation of 2,4,6-trimethylpyrid-ine with aqueous alkaline KMnO 4 according to a literature method [24] , all the other chemicals of reagent grade were commercially available and used without further purification.
Physical methods
Powder X-ray diffraction measurements were carried out with a Bruker D8 Focus X-ray diffractometer to check the phase purity. Single-crystal X-ray diffraction data were collected on a Rigaku Raxis-Rapid X-ray diffractometer. The C, H and N microanalyses were performed with a PE 2400II CHNS elemental analyzer. The FT-IR spectrum was recorded in the range 4000 -400 cm −1 on a Shimadzu FTIR-8900 spectrometer. The fluorescent spectra were determined on a RF-5301PC fluorophotometer. A thermogravimetric measurement was carried out from r. t. to 800 • C on a pre-weighed sample using a Seiko Exstar 6000 TG/DTA 6300 apparatus with a heating rate of 10 • C min −1 . The temperature-dependent magnetic susceptibility was determined with a Quantum Design SQUID magnetomer (Quantum Design Model MPMS-7) in the temperature range 2 -300 K with an applied field of 5 kOe, and the susceptibilities were corrected for the diamagnetism of the constituent atoms using Pascal's constants [25] . 5 
Synthesis of [Dy 2 (H 2 O)
X-Ray structure determination
A suitable single crystal was selected under a polarization microscope and fixed with epoxy cement on a fine glass fiber which was then mounted on a Rigaku R-Axis Rapid IP X-ray diffractometer, operating with graphitemonochromatized MoK α radiation (λ = 0.71073Å) for cell determination and subsequent data collection. The reflection intensities in the θ range 3. 19 -27.45 • were collected at 295 K using the ω scan technique. The employed single crystal exhibited no detectable decay during the data collection. The data were corrected for Lp and empirical absorption effects. The SHELXS-97 and SHELXL-97 programs were used for structure solution and refinement [26, 27] . The structure was solved by using Direct Methods. Subsequent difference Fourier syntheses enabled all non-hydrogen atoms to be located. After several cycles of refinement, the hydrogen atoms associated with carbon atoms were geometrically generated, and the rest of the hydrogen atoms were located from successive difference Fourier syntheses. Finally, all non-hydrogen atoms were refined with anisotropic displacement parameters by full-matrix least-squares techniques, and hydrogen atoms with isotropic displacement parameters were set to 1.2 times the values for the associated heavier atoms. Detailed information about the crystal data and structure determination is summarized in Table 2 .
CCDC 783940 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
